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Purpose Purpose:
To demonstrate the value of the ultrasound (US) as an excellent diagnostic modality in evaluation of the appendix as well as to assess further treatment of acute appendicitis based on US study. The use of US in diagnosis of the acute appendicitis has an objective to decrease the number of perforation as a result of the late diagnosis as well as the number of unnecessary laparotomy as a consequence of false positive history and physical examination.
Methods and Materials

Material and methods:
We show the cases performed as an emergency cases at the University Clinic of Radiology in cooperation with the Clinic for Abdominal Surgery in Skopje in duration of sixth month period.
We demonstrate 124 cases with history and physical examination of acute appendicitis, aged 15-57, with peak incidence in second decade of life, 51 (41,1%) are male and 73 (58,9%) are female. (Table 1 ) For the exploration of the appendix we used ultrasound apparatus Toshiba sonolayer SL-250 so linear probe of 7,5 MHz, with dosed compression. The dosed compression makes the air go away from the bowel loops and decreases the distance among the transducer and the appendix, with what we have better visualization of the appendix. The careful exploration of the ileocecal region is performed, and the leading points are: umbilicus, inguinal ligament Pupartty, ileopsoas muscle, cecum and the iliac artery and vein. After each exploration of the appendiceal region we performed examination of whole abdomen using 3,75 MHz transducer. Dominant age is between 11 and 20 years with 63 cases (50,8%) and females with 37 cases (58,7%).
Results
The basic US criteria for the diagnosis of acute appendicitis that we use are as follows: visualization of distended appendix fluid filled , appendix with diameter that exceed 6mm; appendiceal wall thicker then 3mm; absence of peristalsis and uncompressible appendix; forming of infiltrate around the appendix and free fluid into the appendiceal surrounding or into the abdomen.
In patients that we did not visualize the appendix, based on the US criteria there is no presence of acute appendicitis; and it is possible to obtain false negative results.
The inflammated appendix is visualized medial and inferior from the cecum, sausagelike, blind ending structure at the longitudinal plane or target sign (bull's eye appearance) at axial plane.
The appendix on US study is demonstrated by: hypo echoic lumen, hyper echoic mucosa, iso echoic lamina propria, hyper echoic submucosa, hypo echoic muskularis and hyper echoic serosa. The increased size of the appendix is a sign for phlegmonous or gangrenous appendicitis. (Fig. 6 ) The present appendicolith is demonstrated as hyper echoic mass that fills in the lumen and gives acoustic shadow. (Fig. 2b ) When the appendicolith should be visualized, the wall thickness and the compressibility are not the features for making the diagnosis of acute appendicitis. The gangrenous appendicitis has changes in echogenity in all layers and the same are with the uniform echogenity and can not be distinguished (Fig. 4a ). If the ill defined or hypo echoic mass is seen that surrounds the appendix that presents the periappendiceal inflammation (Fig. 3) . The ill defined appendiceal wall is suggestible, but not diagnostic for the periappendiceal process. The fluid presence into the appendiceal surrounding, with appendiceal wall echogenity changes is US feature for perforation (Fig. 4b) . The positive lymph nodes are oval hypo echoic and they don't change the shape on compression.
The patients based on the US findings are divided into two groups: I (A) group with the signs of acute appendicitis -47 cases and II (B) group where the signs of acute appendicitis were absent -77 cases. (Table 2 ) From the group I (A) 42 patients were undergone on operative treatment and the US diagnosis of acute appendicitis was confirmed. From the group II (B) 15 patients underwent on operative treatment.
According to the US findings the patients were divided into two groups: I (A) group with US findings for acute appendicitis in 47 cases, surgery confirms 42 cases and II (B) group with negative US findings for acute appendicitis in 77 cases, which from 15 cases were false negative.
In terms of the size of the appendix we divided the patients into two groups: group with the diameter up to 12mm where we have 25 patients and group with diameter greater then 12mm in size where we have 22 patients, from which 3 patients were with diameter greater than 17 mm. In terms of the appendiceal wall thickness in 31 cases it was between 3 to 5 mm, and in 16 it was greater than 5 mm. In 15 patients we detected appendicoliths into the lumen of the appendix.
In all cases obstruction of the appendiceal lumen was caused by follicular hyperplasia, bowel contents, appendicolithes, except in one case where obstruction was caused by cancer of the cecum.
Based on the US finding we have 15 patients with early appendicitis (Fig. 1) , 19 patients with appendiceal phlegmon (Fig. 2a ) and 13 with gangrenous appendicitis (Fig. 4a ) from which 2 cases are with appendiceal perforation (Fig. 5 ).
The group of patients that are with no remarkable signs for the presence of acute appendicitis, we have 13 cases with mesenterial lymphadenitis, from which 5 patients had clear US finding of acute appendicitis three weeks thereafter.
The correlation is done among the preoperative US diagnosis and the operative and histology findings with the accuracy: for the early acute appendicitis is 10/15, for the suppurative appendicitis is 16/19, for gangrenous appendicitis is 10/11, and for perforated appendicitis is 2/2, or in total 36/47 (76,59%). (Table 3 ) Table 2 . According to the US findings and surgery findings.
US findings Surgery findings I (A) group (47 cases)
Positive in 47 Positive in 42
II (B) group (77 cases)
Negative in 77 Positive in 15 There is a high level of correlations between US and histology findings.
Explanation of shortcuts: (NF) negative findings; (EA) early appendicitis; (APh) appendiceal phlegmon; (GA) gangrenous appendicitis; (PA) perforated appendicitis.
Images for this section: Fig. 1: Fig. 1a . Clearly visualized appendix, with diameter of 8,7 mm and thickened wall of 3,5 mm, US finding for early appendicitis. Fig. 2: Fig. 1b . Thicken wall of the appendix and widen lumen, US finding for early appendicitis. Fig. 3 : Fig. 2a . Appendix increased in size, thickened wall, widened lumen, US finding for appendiceal phlegmon. Fig. 4: Fig. 2b . Clearly visualized appendicolith into the lumen of the appendix, which is with thickened wall and widened lumen, US finding for appendiceal phlegmon. Fig. 6a . Appendix increased in size, 17 mm in diameter, thickened wall greater then 6 mm. Fig. 7 : Fig. 5b . US of acute appendicitis: Appendix with widened lumen and thickened wall, disturbed echogenity, periappendiceal fluid, US finding for perforated gangrenous appendicitis. Fig. 8: Fig. 5a . US of acute appendicitis: Appendix with widened lumen and thickened wall, disturbed echogenity, periappendiceal fluid, US finding for perforated gangrenous appendicitis. Fig. 9: Fig. 4b . Appendix with thickened wall, widened lumen and periappendiceal fluid, US finding for gangrenous appendicitis. Fig. 10: Fig. 4a . Appendix in saggital and coronal plane, thicken and edematous wall, with widen lumen, disturbed appendiceal architecture and surrounding infiltration, US finding for gangrenous appendicitis. Fig. 11: Fig. 6b . Appendix with widened lumen with dense contents, with 18 mm in diameter and thickened wall greater then 5 mm. US finding for appendiceal phlegmon.
Conclusion Conclusion
We can conclude that the US has great diagnostic value in acute appendicitis. The advantage consists of: easy performance, noninvasive method, no radiation, short examination duration, the possibility for detection of other causes of distal abdominal pain, especially in pregnant women. The disadvantage is that the finding depends on the operator. The non visualized appendix is interpreted as non inflamed appendix, so it is from great importance the examination to be performed by experienced radiologist with attention and he would be able to accomplish maximal sensitivity.
If the examination with the dosed compression of the right lower quadrant is positive for the appendicitis, the surgery is recommended. If the finding is unremarkable, it is not enough to exclude appendicitis. In that case if the pain and the history are still present the follow up US is recommended for further observation by the abdominal surgeon.
